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(54) Suspension apparatus for vehicle 



(57) Telescopic members (24,, 242) 
which are expanded and contracted by 
means of a fluid pressure controlled by 
a steering mechanism (20) are 
integrally connected to suspension 
springs (14,, 142). When a vehicle 
makes a turn, the body is caused to 
decline toward the turning center side 
due to the telescopic movement of the 
telescopic members according to the 
steering operation. The fluid pressure 
may be fed from a hydrau lie cylinder 
(26) including a piston (27) associated 
for movement with the steering 
mechanism. Alternatively, fluid 
pressurized by a pump may be fed 
through a controlling valve which is 
actuated in response to the steering 
mechanism. At a time when the vehicle 
makes a turn, a satisfactory steering 
sense similarto a motorcycle can be 
obtained. 
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SPECIFICATION 

Suspension apparatus for vehicle 

5 This invention relates to a suspension apparatus 
for a vehicle such as an automobile or a motor tri- 
cycle which is equipped with at least one unit of a 
pair of right and left wheels. 
In a vehicle equipped with such a pair of right 

10 and left wheels, the body tends to lean, or decline, 
outwardly or to the other side of the turning center 
of the vehicle when it turns, due to centrifugal 
force. On the other hand, in a motorcycle, the turn 
is made while declining its body inwardly. In other 

15 words, the motorcycle makes a turn in its lean 
state. The present invention intends to decline a 
body of an automobile or a motor tricycle toward 
the turning center side while it turns, so that a 
driver of the automobile or the motor tricycle can 

20 enjoy the same sort of driving sense or feeling as 
that of the motorcycle. 

One example of such a motor tricycle which can 
decline its body toward the turning center side 
when it turns is disclosed in Japanese Laid-Open 

25 Patent Publication (Kokai Tokkyo Koho) No. sho 54- 
2533. This motor tricycle has a pair of right and left 
front wheels and one rear wheel. And it is de- 
signed as such that when it turns, a driver shifts 
•his weight toward the turning center side resisting 

30 the centrifugal force in order to decline the vehicle 
body toward the turning center side. Since this 
motor tricycle is of a saddle type just as same as a 
common motorcycle, the driver can comparatively 
easily, shift his weight to decline the vehicle body 

35 as described above. However, in the case of a 
common automobile where the driver sits on a 
seat, it is not necesarily an easy job for him to de- 
cline the vehicle body by shifting his weight. 
It is therefore an object of the present invention 

40 to provide a suspension apparatus for a vehicle, 
wherein the vehicle body can be automatically de- 
clined toward, the turning center side by means of 
steering operation and without the driver's in- 
tended shifting of his weight to that direction irre- 

45 spective of whether the vehicle is of said saddle 
type or seat type. 

Another object of the present invention is to pro- 
vide a suspension apparatus for a vehicle, wherein 
the entire length of a suspension spring is changed 

50 by expanding and contracting a telescopic member 
provided integrally with said suspension spring 
thereby causing to decline a vehicle body. 

A further object of the present invention is to 
provide a suspension apparatus for a vehicle, 

55 wherein said telescopic member is expanded and 
contracted by means of a fluid pressure regulated 
by a steering mechanism. 

In order to obtain the above objects, in a suspen- 
sion apparatus according to the present invention, 

60 a telescopic member expanded and contracted by 
means of a fluid pressure regulated by a steering 
mechanism is provided integrally with a suspen- 
sion spring and when a vehicle makes a turn, said 
telescopic member is expanded and contracted ac- 

65 cording to steering operation thereby causing to 



decline a vehicle body in the turning center side. 

Said fluid pressure may be supplied to said te- 
lescopic member from a hydraulic cylinder includ- 
ing a piston associated for movement with said 

70 steering mechanism. Alternatively, a fluid pressur- 
ized by a pump driven by an engine may be sup- 
plied to said telescopic member through a 
controlling valve which operates in response to 
said steering mechanism. 

75 According to the present invention, when the ve- 
hicle makes a turn, a driver can enjoy a similar 
steering operation sense or feeling as that of a mo- 
torcycle. 

These and other objects and features of the pres- 
80 ent invention will become apparent to those skilled 
in the art upon reading the following detailed de- 
scription with reference to the accompanying 
drawings in which: 
Figure 1 is a front view showing one embodi- 
85 ment of the present invention at a time when a ve- 
hicle is running straight forward; 

Figure 2 is a front view of the same embodiment 
but showing when the vehicle is making a turn; 
Figure 3 is a front view showing another embod- 
90 imeht of the present invention at a time when the 
vehicle is running straight forward but in which a 
hydraulic system is not shown; 

Figure 4 is a front view of the hydraulic system 
of the above embodiment at a time when the vehi- 
95 cle is running straight forward; 

Figure 5 is a view showing a part of the hy- 
draulic system at a certain time; 

Figure 6 and Figure 7 are views showing a part 
of the hydraulic system at a time when, the vehicle 
100 makes a turn; 

Figure 8 is a horizontal sectional view of a con- 
trolling valve; 

Figure 9 is a sectional view taken along line IX-IX 
of Figure 8; and 
105 Figure JO is a perspective view showing a con- 
crete constitution of a suspension apparatus. 

Preferred embodiments of the present invention 
will be described hereunder with reference to the 
accompanying drawings in which the invention is 
110 applied to a motor tricycle having a pair of front 
wheels and one rear wheel. 

Fig. 1 and Fig. 2 illustrate a first embodiment of 
the present invention. More specifically. Fig. 1 is a 
front view of a suspension apparatus at a time 
1 15 when a vehicle is running straight forward, and 
Fig. 2 is a front view of the same but showing 
when the vehicle is turning leftward. The expres- 
sion right or left" as used herein means right or 
left when viewed from a driver. 1, denotes a left 
120 front wheel, 1 j denotes a right front wheel, and 2 
denotes a body of a motor tricycle. Said right and 
left front wheels 1„ 1;. are integrally provided with 
knucles 3„ 3 2 respectively, to the lower ends of 
which lower arms 4„ 4j are connected through ball 
125 joints 5„ 5, respectively. While, the upper ends of 
said knucles 3„ 3j are connected with upper arms 
6„ 6, through ball joints 7„ 7 2 respectively. The 
other ends of the lower arms 4„ 4 2 are pivotally 
connected to the body 2 through brackets 8,, 8 2 
130 and the other ends of the upper arms 6„ 6j are piv- 
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otally connected to the body 2 through brackets 9„ 
9 2 . With the foregoing arrangement, the so-called 
double wishbone type suspension is constituted. 
Said knucles 3„ 3 2 are provided with knucle arms 
5 10„ 10 2 projecting diagonally backward therefrom. 
The knucle arms 10„ 10 2 are connected with tie 
rods 12„ 12 2 through ball joints 11„ 11,. The other 
ends of said tie rods 12„ 12 2 are pivotally con- 
nected to both ends of slider 13 respectively. Said 
10 slider 13 is slidably supported on the body 2 
through a bearing 21. Said slider 13 is provided at 
its central portion with a rack 17, with which a pi- 
nion 18 mounted on a steering shaft 19 meshes. 20 
denotes a steering wheel. 
15 14„ 14j denote right and left suspension springs 
respectively. These suspension springs 14„ 14 2 are 
provided at the upper portions thereof with hy- 
draulic operated telescopic members 24„ 24 2 com- 
prising a piston 22 and a cylinder 23. The upper 
20 ends of said suspension springs 14„ 14 2 are se- 
cured to the body 2 through pivots 15„ 15 2 and 
said brackets 9„ 9 2 , while the lower ends of said 
suspension springs 14„ '14j are secured to the in- 
termediate portions of said lower arms 4„ 4 2 
25 through pivots 16„ 16 2 . 

Cylinders 23„ 23 2 of said telescopic members 
24„ 24, are communicated with cylinder chambers 
26„ 26 2 of a hydraulic cylinder 26 through hy- 
draulic pipe lines 25„ 25j, respectively. Wjthin said 
30 hydraulic cylinder 26, a hydraulic piston 27 

adapted to partition said cylinder chambers 26„ 26 2 
is reciprocally movably provided. A piston shaft 28 
of said hydraulic piston 27 is connected to said sli- 
der 13 through an arm member 29. And the insides 
35 of said cylinder 23, hydraulic pipe 25 and hydraulic 
cylinder 26 are filled with oil. 

When the vehicle runs straight forward, the pi- 
nion 18 meshes with the rack 17 at the central po- 
sition thereof as shown in Fig. 1. However, when 
40 the vehicle is going to make, for example, a left 
turn, the steering wheel 20 is turned towards the 
clockwise direction as shown by an arrow a in 
Fig.2. Then, due to the rotation of said pinion 18, 
the slider 13 slides rightward, as shown by an ar- 
45 row b. Since the hydraulic piston 27 is also moved 
rightward within the hydraulic cylinder 26 in ac- 
cordance with the movement of said slider 13, the 
oil within the cylinder chamber 26 2 is sent to the 
cylinder 23 2 through the hydraulic pipe line 25 2 and 
50 the oil is flowed into the cylinder chamber 26, from 
the cylinder 23, through the hydraulic pipe line 25,. 
Since coil springs 30„ 30 2 of the suspension 
springs 14„ 14 2 are high in rigidity and practically 
have little elasticity, the cylinder 23 2 is moved up- 
55 ward by means of hydraulic pressure acted be- 
tween the cylinder 23 z and the piston 22 2 (i.e., the 
telescopic member 24J is expanded), the entire 
length of the suspension spring 142 becomes long. 
On the other hand, the entire length of the suspen- 
60 sion spring 14, becomes short, since the cylinder 

23, moves downward, i.e., the telescopic member 

24, is contracted. 

As a result, the suspension spring 14j pushes the 
lower arm 4 2 down relative to the body 2, while the 
65 suspension spring 14, pulls the lower arm 4, rela- 



tive to the body 2. At this moment, said upper 
arms 6„ 6* follow the movement of said lower 
arms 4„ 4j. However, since the wheels 1 2 , 1, are 
normally contacted the earth, when the respective 

70 members are moved in such a manner as de- 
scribed in the foregoing, the body 2 is finally 
caused to decline leftward or to the turning center 
side (the front wheels 1„ 1 2 are also caused to de- 
cline) as shown in Fig. 2. Thus, the vehicle turns in 

75 the lean state as in the ease with the motorcycle. 
In connection with the above description, it 
should be noted that since the both ends of said 
slider 13 are connected to said knuckle arms 10„ 
10 2 through said tie rods 12,. 12 2 respectively, ac- 

80 cording to the movement of the slider 13, the re- 
spective koucles 3,, 3j rotate about king pin axes 
K„ K 2 , and as soon as the body 2 starts declining 
as mentioned above, the respective front wheels 
1„ 1, are steered. 

85 Although the left turn is described in detail in the 
above, the right turn is also effected in the same 
manner. 

Figure 3 through Figure 10 illustrate a second 
embodiment of the present invention. In these fig- 

90 ures, like or corresponding parts with respect to 
the above mentioned first embodiment are de- 
noted at like numerals. In this embodiment, a hy- 
draulic system adapted to charge and discharge oil 
into or from a cylinder 23 is different from that of 

95 the above described first embodiment However, 
there are no other substantial differences between 
the two (though, the hydraulic system is not 
shown), as readily understood when compared 
with Fig. 3 and Fig. 1. Only minor differences in 

100 Fig. 3 are that the upper arm 6 is provided beneath 
and the tie rod 12 is provided above, and that the 
suspension spring 14 is connected to a bracket 15a 
other than a bracket s. 
Fig. 4 illustrates a hydraulic system employed in 

105 this embodiment The oil charging into the cylinder 
23 and the oil discharging therefrom is controlled 
by means of a controlling valve, or a rotary valve 
60 which is actuated in response to the movement 
of a slider 13. Oil pressurized by a pump 61 is 

110 charged into this rotary valve 60. The pump 61 is 
driven by engine of a vehicle. When the engine is 
started, oil in a reservoir tank 62 is sent into a feed 
pipe 31 by the pump 61 through a cut-off valve 63 
3nd a one way valve 64, and reaches said rotary 

115 valve 6. And a part of the oil is sent into an accu- 
mulator 32 and stored therein. When the pressure 
within the feed pipe 31 is reached a preset value, a 
piston 33 of the cut-off valve 63 is moved right- 
ward in the figure resisting a spring 34 in order to 

120 isolate the feed pipe 31 from the pump 61, as 

shown in Rg. 5. At the same time, oil discharged 
from said pump 61 is circulated toward an intake 
side via a by-pass pipe 35. The one way valve 64a 
(Fig. 4) provided on the feed pipe 31 serves to pre- 

125 vent the pressure generated at the suspension side 
from escaping into the accumulator 32. 

As illustrated in Rg. 8 and Fig. 9, the rotr valve 
60 comprises a cylindrical inner valve 36, n- 
drical outer valve 37 contacted with the ou-.i pe- 

1 30 riphery of said inner valve 36 and rotatably fitted 
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thereto relative to each other, and a main body 
containing and supporting said valves 36 and 37 
therein for rotation. Said inner valve 36 is provided 
with a feed oil passage 40 communicating with 
5 said feed pipe 31 through an inlet port 39 and a 
waste oil passage 43 communicating with a return 
pipe 42 (refer to Fig. 4) through an outlet port 41. 
These feed oil passage 40 and waste oil passage 
43 are, as apparent from Fig. 8 and Fig. 9, commu- 

10 nicated with a feed oil port 44 and a waste oil port 
45, respectively, which are opened up in the pe- 
riphery of said inner valve 36 by displacing in the 
circumferential direction and the axial direction 
with respect to each other. 

15 Said outer valve 37 is formed with a feed oil hole 
46 and a waste oil hole 47 in positions in agree- 
ment with said feed oil port 44 and said waste oil 
port 45, respectively, in the axial direction. These 
both holes 46 arid 47 are arranged on a common 

20 generating line of a cylinder. In other words, these 
are arranged within a plane including the rotary 
axial line of said outer valve 37. The main body 38 
is provided with a oil passage 48 confronting said 
oil hole 46 and said waste oil hole 47. Said oil pas^ 

25 sage 48 is communicated with the cylinder 23 of 
said telescopic member 24 through a cut-off valve 
49. 

Said cut-off valve 49 includes a piston 51 biased 
by means of a spring 50. When the engine is 

. 30 stopped and no hydraulic pressure exists within 
the feed pipe 31, said cut-off valve 49 serves, as 
shown in Fig. 8, to isolate the oil passage 48 from 
the cylinder 23 in order to prevent the oil from es- 
caping from the cylinder 23 and thereby to prevent 

35 the body 2 from sinking. When the engine is 

started and the oil pressure is generated within the 
feed pipe 31, owing to the hydraulic pressure, the 
piston 51 compresses the spring 50 for distortion 
and allows the oil passage 48 to communicate with 

40 the cylinder 23. 

As shown in Fig. 4 and in Fig. 10 as will be de- 
scribed hereinafter, the inner valve 36 is connected 
to a slider 13 through a lever portion piece 52 and 
rotated in accordance with the reciprocal mpve- 

45 ment of said slider 13. On the other hand, the 
outer valve 37 is connected to a piston 22 side of 
said telescopic member 24 through a lever portion 
piece 53 and rotated relative to said inner valve 36 
in accordance with the movement of said piston 22 

50 {movement relative to the vehicle body. This defi- 
nition remains unchanged when used hereinafter) 
and conducts a feed back operation. 

The return pipe 42 connected to said outlet port 
41 of the rotary valve 6 is further connected, as 

55 shown in Fig. 4, to a reservoir tank 62. Intermedi- 
ate the feed pipe 31 and the return pipe 42 pro- 
vided is a safety valve 54 adapted to release oil 
within the feed pipe 31 to the reservoir tank 62. 
Fig. 4 illustrates a state similar to Fig. 1 when the 

60 vehicle is running straight forward. The rotary 
valve 60 is in its neutral position wherein the feed 
hole 46 and the waste oil hole 47 of the outer valve 
37 are positioned intermediate the feed oil port 44 
and the waste oil port 45 of the inner valve 36 in 

65 the circumferential direction. The afore-mentioned 



Fig. 9 also illustrates such a neutral state as just 
mentioned before. 

Fig. 6 illustrates one state of a left side (right 
side in the figure) suspension spring 14 and a ro- 
70 tary valve 60 at a time when a vehicle is turning 
rightward. When the vehicle is turning rightward, a 
slider 13 is moved leftward as shown by an arrow 
b, and an inner valve 36 connected to said slider 
13 through a lever portion piece 52 is pivoted in 
75 the clockwise direction in the figure. Accordingly, 
the feed oil port 44, which was spaced apart from 
the feed oil port 46 at the time when the vehicle is 
running straight forward, is brought to be in align- 
ment with the feed oil hole 46. As a result, the 
80 pressurized oil in the feed pipe 31 is fed into the 
cylinder 23 to push down the piston 22. In accord- 
ance with the movement of the piston 22, an outer 
valve 37 connected thereto through a lever portion 
piece 53 is pivoted in the clockwise direction. Al- 
85 though the feed oil hole 46 is brought to be spaced 
apart from the feed oil port 44, since the feed oil 
port 44 is also pivoted in the clockwise direction 
while the slider 13 is moving, the aligning state be- 
tween the feed oil hole 46 and the feed oil port 44 
90 is maintained, and the piston 22 is kept moving. In 
other words, the telescopic member 24 is being ex- 
panded and the entire length of the suspension 
spring 14 is continuously increased. When the 
movement of the slider 13 is stopped, as shown in 
95 Fig. 7, the feed oil hole 46 is in a spaced apart 
state with respect to the feed oil port 44. Accord- 
ingly, the expansion of the telescopic member 24 
is stopped as well, and the entire length of the sus- 
pension spring 14 is maintained in such a length 
100 as to correspond to the moving amount of the sli- 
der 13, i.e., the steering amount. 

Simultaneously, in the right side rotary valve 60, 
the waste oil port 45 and the waste oil hole 47 are 
in alignment with respect to each other. Aceord- 
105 ingly, oil in the cylinder 23 is discharged into the 
return pipe 42 through the waste oil passage 43, 
and the outlet port 41. And in the same manner as 
described in the foregoing, the entire length of the 
suspension spring 14 is contracted corresponding 
110 to the steering amount, and the suspension spring 
14 is maintained in this length. 

As a result, as already described with respect to 
Fig. 1 and Fig. 2, the vehicle body is caused to de- 
cline rightward or toward the turning center side, 
115 and brought to be in a lean state similar to a mo- 
torcycle. 

Fig. 10 is a perspective view more realistically il- 
lustrating the structures of the above various de- 
vices, wherein like numerals denote like parts as 

120 before. In Fig. 10, the steering shaft 19 and the sli- 
der 13 are connected with respect to each other 
through a link mechanism instead of the rack and 
the pinion. More specifically, the arm 55 secured to 
the steering shaft 19 is connected to the arm 56 

125 pivotally secured to the vehicle body through a link 
57, and the oscillating movement as shown by an 
arrow c of the arm 56 is converted to a reciprocal 
movement of the slider 13 through the slider 59 
engaged with the slide rod 58 provided on said 

130 arm 56. 
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The pump 61 and the reservoir tank 62 (not 
shown in Fig. 10) juxtaposed thereto are disposed 
in lower positions than the rotary valve 60, and the 
oil discharged from the rotary valve 60 is returned 
5 to the reservoir tank 62 by gravity through the re- 
turn pipe 42. Consequently, as shown in Fig.8 and 
Fig. 9, the outlet port 41 is formed larger in its di- 
ameter than that of the inlet port 39, and the return 
pipe 42 is constituted with tubular material also 

10 having a large bore diameter compared with that 
of the feed pipe 31. 

In the present embodiment, although the sus- 
pension spring 14 is expanded and contracted in 
accordance with the movement of the slider 13, the 

15 slider 13 merely actuates the inner valve 36 of the 
rotary valve 60 and the reaction force of the sus- 
pension spring 14 is not transmitted to the slider 
1 3. Instead, only reaction force which the front 
wheel 1 receives from the earth is transmitted to 

20 the slider 13, and this reaction force is transmitted 
. to the steering wheel 20. Accordingly, a satisfac- 
tory steering sense can be obtained. 

Although in the above respective embodiments, 
the present invention is applied to the double 

25 wishbone type suspension apparatus, it may also 
be applied to other types of suspension appara- 
tuses. Also, instead of the steering wheel 20, a bar 
handle may be employed. Furthermore, the pres- 
ent invention may of course be applicable to other 

30 vehicles, such as automobiles than motor tricycles. 
As discussed in the foregoing, many other modifi- 
cations can be made within the scope of the pres- 
ent invention. 



5. A suspension apparatus substantially as her- 
einbefore described with reference to, and as 
shown in, the accompanying drawings. 



35 CLAIMS 

1 . A suspension apparatus for a vehicle, pro- 
vided between a pair of right and left wheels of the. 
vehicle and the vehicle body, wherein telescopic 

40 members expanded and contracted by means of 
fluid pressure controlled by a steering mechanism 
are connected to suspension springs, whereby 
when the vehicle makes a turn, the vehicle body is 
caused to lean toward the turning center side due 

45 to the telescopic movement of said telescopic 
member in accordance with the steering operation. 

2. . A suspension apparatus according to claim 1 
further including a hydraulic cylinder divided into 
two cylinder chambers by means of a piston asso- 

50 ciated for movement with said steering mecha- 
nism, said two cylinder chambers being 
communicated with the right and left telescopic 
members respectively. 

3. A suspension apparatus according to claim 1 
55 further including a controlling valve adapted to 

feed fluid pressurized by a pump to said telescopic 
members and to discharge the fluid from said te- 
lescopic rft«r >:ners, said controlling valve being op- 
erated in response to the steering mechanism. 
60 4. A suspension apparatus according to any 
preceding claim, wherein the telescopic members 
are integrally connected to the suspension springs. 



